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Abstract
In this paper, the width of the decay τ → K−pi0ντ is calculated in the framework of the Nambu-Jona-
Lasinio model. The contributions of the intermediate vector K∗(892) and scalar K∗0 (800) mesons are taken into
account. It is shown that the main contribution to the width of this decay is given by the subprocesses with
the intermediate W -boson and vector K∗(892) meson. The scalar channel with the intermediate K∗0 (800) meson
gives an insignificant contribution. In Appendix, it is shown that the contribution of the subprocess with the
intermediate K∗′(1410) meson is negligible as well. The obtained results are in satisfactory agreement with the
experimental data.
1 Introduction
Experimental research of the τ -lepton decays is intensively carried out at different scientific
centers, such as BaBar, Belle, etc. At an energy bellow 1.8 GeV (mτ = 1.777 GeV) the well-known
perturbation theory of quantum chromodynamics (QCD) cannot be applied for these processes due
to a large value of the coupling constant. Thus, instead of the fundamental QCD one has to use
various phenomenological models. They are generally based on the chiral symmetry and use the
vector meson dominance model [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. However, most of these models
include a number of fitting parameters, thus reducing their predictive power. The Nambu-Jona-
Lasinio (NJL) model used in the present work does not have such defects and allows describing
experimental data without additional arbitrary parameters. In recent years, these qualities of
the NJL model were illustrated for example by successful description of such τ -lepton decays
as τ → pi(pi′(1300))ντ [13], τ → ρ(770)(ρ′(1450))ντ [14], τ → pi−pi0ντ [15], τ → η(η′)piντ [16],
τ → piωντ [17], τ → f1piντ [18], τ → η(η′)2piντ [19].
Until this year, we had not considered the τ -lepton decays with strange particles in final
state. However, we hope that this model allows describing these processes. Indeed, there was
recently successfully calculated the decay τ → K∗(892)(K∗′(1410))ντ using the NJL model. In
the present paper, we continue to research in this direction and calculate the decay width of the
process τ → K−pi0ντ in the framework of the standard NJL model. This model is intended for
describing the four meson nonets only in the ground states [20, 21, 22, 23, 24, 25, 26, 27, 28].
The estimation of contributions from both vector and scalar channels of this process is given. The
obtained results are in satisfactory agreement with the experimental data. In Appendix, it is shown
that the contribution of the subprocess with the intermediate radially excited vector K∗′(1410)
meson is negligible as well as the contribution from diagram with scalar meson. The extended NJL
model [28, 29, 30, 31, 32] was used for estimation of this contribution.
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2 The Lagrangian of the standard NJL model and the amplitudes of
the process τ → K−pi0ντ
In the standard NJL model, the quark-meson interaction Lagrangian for pseudoscalar
K±, pi0, scalar K∗±0 and vector K
∗± mesons takes the form:
∆Lint(q, q¯, pi
0, K,K∗0 , K
∗) = q¯
[
igpiγ
5λ3pi
0 + igKγ
5λ±K±
+gK∗0λ±K
∗±
0 +
gK∗
2
γµλ±K∗±µ
]
q, (1)
where q and q¯ are the u-, d- and s- constituent quark fields with masses mu = md = 280 MeV,
ms = 420 MeV [27], pi
0, K±, K∗±0 and K
∗± are the pseudoscalar, scalar and vector mesons, and
λ+ =
λ4 + iλ5√
2
=
√
2
 0 0 10 0 0
0 0 0
 , λ− = λ4 − iλ5√
2
=
√
2
 0 0 00 0 0
1 0 0
 , (2)
λ3, λ4 and λ5 are the Gell-Mann matrices.
The coupling constants:
gpi =
√
Zpig(mu,mu), gK =
√
ZKgK∗0 ,
gK∗0 = g(mu,ms), gK∗ =
√
6gK∗0 , (3)
where
g(m1,m2) = (4I2(m1,m2))
−1/2,
Zpi =
(
1− 6 m
2
u
M2a1
)−1
, ZK =
(
1− 3
2
(mu +ms)
2
M2K1
)−1
, (4)
Zpi is the factor corresponding to the pi − a1 transitions, ZK is the factor corresponding to the
K −K1 transitions, Ma1 = 1230 MeV, MK1 = 1270 MeV [33] are the masses of the axial-vector a1
and K1 mesons, and the integral I2 in Euclidean space has the following form:
I2(m1,m2) =
Nc
(2pi)4
∫ θ(Λ24 − k2)
(m21 + k
2)(m22 + k
2)
d4k, (5)
Λ4 = 1.25 GeV is the cut-off parameter [21].
The diagrams of the process τ → K−pi0ντ considered in this paper are shown in Fig. 1,2
Figure 1: The decay τ → K−pi0ντ with intermediate W -boson (Contact diagram)
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The amplitude of the process for the vector channel takes the form:
TV = − i
2
GFVus
√
ZpiZK
g(mu,mu)
g(mu,ms)
(ν¯τγ
µτ)
×
gµν +
[
gµν
(
q2 − 3
2
(ms −mu)2
)
− qµqν
]
M2K∗ − q2 − i
√
q2ΓK∗
 (pK − ppi)ν , (6)
where GF = 1.16637 · 10−11 MeV−2 is the Fermi constant, Vus = 0.2252 is the element of the
Cabbibo-Kobayashi-Maskawa matrix, q = pK + ppi, MK∗ = 892 MeV and ΓK∗ = 51 MeV are the
mass and the full width of the vector meson [33].
The first term in the curly brackets corresponds to the diagram with the intermediate W -
boson, the second term corresponds to the diagram with the intermediate vector K∗(892) meson.
The amplitude of the process for the scalar channel takes the form:
TS = − i
2
GFVus
√
ZpiZK
g(mu,mu)
g(mu,ms)
(ν¯τγ
µτ)
2ms(ms −mu)
M2K∗0 − q2 − i
√
q2ΓK∗0
qµ, (7)
where MK∗0 = 682 MeV, ΓK∗0 = 547 MeV are the mass and full width of the scalar meson ([33],
p.949).
3 Numerical estimations
Following our calculations, the contribution of the diagrams with the vector channels to the
branching of the process τ → K−pi0ντ is equal to:
Br(τ → K−pi0ντ )V = 4.14 · 10−3. (8)
The calculated contribution of the single diagram with the scalar meson is equal to:
Br(τ → K−pi0ντ )S = 0.02 · 10−3. (9)
The calculated branching of the whole process is equal to:
Br(τ → K−pi0ντ )tot = 4.13 · 10−3. (10)
The experimental value of this branching is equal to [33]
Br(τ → K−pi0ντ )exp = (4.29± 0.15) · 10−3. (11)
Figure 2: The decay τ → K−pi0ντ with intermediate vector K∗(892) and scalar K∗0 (800) mesons
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The comparison of calculated and experimental differential width is shown in Fig. 3. The
solid line corresponds to our theoretical differential width. The points correspond to the experi-
mental values [34].
One can see that our results are in satisfactory agreement with the experimental data.
Figure 3: Differential width of the decay τ → K−pi0ντ
4 Conclusion
In the present work, the standard NJL model was used for description of the decay τ →
K−pi0ντ . It was shown that the diagrams with intermediate W -boson and intermediate vector
K∗(892) meson give the main contribution. Wherein the dominant contribution is made by the
second diagram withK∗(892). Besides that, it is shown that the subprocess with the scalarK∗0(800)
meson changes insignificantly the result obtained from diagrams with the vector channel. It was
shown that our results of calculation of the width of the decay τ → K−pi0ντ in the framework of
the standard Nambu-Jona-Lasinio model are in a good agreement with experimental data on the
branching and the differential width of this process.
The NJL-like model was applied in [35]. However, method of the vector dominance was
used there for description of the transition W → K∗. Thus, the results of this work are only in
qualitative agreement with the experimental data. Nevertheless, the estimation of contribution of
the scalar channel corresponds to our results. In a number of other works, the models close to the
models of Chiral Perturbation Theory for research of τ → K−pi0ντ [2, 5, 6, 7, 8] were applied. Our
results are in qualitative agreement with their results.
In Appendix, it is shown that the contribution of the diagram with the intermediate radially
excited K∗′(1410) meson is small. For estimation of this contribution the extended NJL model
was used.
Appendix: The contribution of the intermediate radially excited vector
K∗′(1410) meson
For estimations of the contribution of the intermediate excited vector K∗′(1410) meson to
the process τ → K−pi0ντ one can apply the extended NJL model [28, 29, ?, 31, 32]. The appropriate
Lagrangian takes the form:
∆Lint(q, q¯, pi
0, K,K∗0 , K
∗) = q¯
[
iγ5(apipi
0 + bpipi
′0)λ3
+iγ5(aKK
± + bKK
′±)λ± +
1
2
γµ(aK∗K
∗±
µ + bK∗K
∗′±
µ )λ±
]
q, (12)
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where
aa =
1
sin (2θ0a)
[
gasin
(
θa + θ
0
a
)
+ g′afa
(
k2⊥
)
sin
(
θa − θ0a
)]
,
ba =
−1
sin (2θ0a)
[
gacos
(
θa + θ
0
a
)
+ g′afa
(
k2⊥
)
cos
(
θa − θ0a
)]
, (13)
fa (k
2
⊥) = 1 + dak
2
⊥ is the form factor, da is the slope parameter (dus = −1.75GeV−2), θa and θ0a
are the mixing angles calculated using the method presented in [32]:
θpi = 59.48
◦ θK = 70.68◦ θK∗ = 87.49◦
θ0pi = 59.12
◦ θ0K = 55.77
◦ θ0K∗ = 59.92
◦ (14)
The fields in the excited states are marked with prime.
The coupling constants:
g′pi =
(
4If
2
2 (mu,mu)
)−1/2
, g′K =
(
4If
2
2 (mu,ms)
)−1/2
,
g′K∗ =
(
2
3
If
2
2 (mu,ms)
)−1/2
, (15)
gpi, gK and gK∗ are defined in (3),
If
n
2 (m1,m2) = −i
Nc
(2pi)4
∫ fn(~k2)
(m21 − k2)(m22 − k2)
Θ(Λ23 − ~k2)d4k, (16)
Λ3 = 1.03 GeV is the cut-off parameter.
The amplitude of the process τ → K−pi0ντ for the intermediate excited vector K∗′(1410)
meson is
Texc = − i
2
GFVus
√
ZpiZK
g(mu,mu)
g(mu,ms)
C1C2 (ν¯τγ
µτ)
× gµν
[
q2 − 3
2
(ms −mu)2
]
− qµqν
M2K∗′ − q2 − i
√
q2ΓK∗′
(pK − ppi)ν , (17)
where MK∗′ = 1410 MeV, ΓK∗′ = 232 MeV are the mass and the full width of the excited K
∗′(1410)
meson [33],
C1 =
−1
sin (2θ0K∗)
[
cos
(
θK∗ + θ
0
K∗
)
+RV cos
(
θK∗ − θ0K∗
)]
,
C2 =
−1
sin (2θ0K∗) sin (2θ
0
K)
[
cos
(
θK∗ + θ
0
K∗
)
sin
(
θK + θ
0
K
)
+
1√
ZK
cos
(
θK∗ − θ0K∗
)
sin
(
θK − θ0K
)
+RV cos
(
θK∗ − θ0K∗
)
sin
(
θK + θ
0
K
)
+RScos
(
θK∗ + θ
0
K∗
)
sin
(
θK − θ0K
)]
,
RS =
If2 (mu,ms)√
ZKI2(mu,ms)I
f2
2 (mu,ms)
, RV =
If2 (mu,ms)√
I2(mu,ms)I
f2
2 (mu,ms)
. (18)
The contribution of this subprocess is:
Br(τ → K−pi0ντ )exc = 0.035 · 10−3. (19)
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